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ABSTRACT

Purpose: Patients with hereditary forms of renal cancer are at risk for new tumors and
metastases. Renal parenchymal sparing surgery has been performed to preserve renal function
and quality of life, and prevent metastases. We evaluated a 3 cm. threshold for performing renal
parenchymal sparing surgery in patients with von Hippel-Lindau disease and hereditary papil-
lary renal cancer.

Materials and Methods: Patients with von Hippel-Lindau disease or hereditary papillary renal
cancer and renal cancer were identified by screening affected kindred and by kindred history.
Patients with small tumors were followed with serial imaging studies until the largest renal
tumor was 3 cm., when renal parenchymal sparing surgery was performed. Renal tumors greater
than 3 cm. were resected without delay. Parenchymal sparing techniques were used when
possible in each group.

Results: The 3 cm. surgical threshold was evaluated in 52 patients with von Hippel-Lindau
disease (group 1) at a median followup of 60 months (range 6 to 205). None of these patients had
metastatic disease and none has required renal transplantation or dialysis. In 44 patients with
von Hippel-Lindau disease (group 2) renal tumors larger than 3 cm. developed. Median followup
from the initial radiological diagnosis of renal cancer in this group was 66.5 months (range 0 to
321). Patients in group 1 underwent parenchymal sparing surgery instead of nephrectomy more
frequently than those in group 2 (46 of 48 operations or 96% versus 45 of 72 or 63%, Fisher’s exact
test p ,0.0001). In contrast to patients in group 1, metastatic renal cancer developed in 11 of the
44 in group 2 (25%) (Fisher’s exact test p ,0.0001). A total of 23 patients with hereditary
papillary renal cancer were also identified. Median followup in these cases was 44 months (range
0 to 237). Ten patients had tumors less than 3 cm. No patient with tumors less than 3 cm. and
2 of the 13 (15%) with larger tumors had metastases.

Conclusions: Using a 3 cm. renal tumor diameter as an indication for renal surgery no patient
with renal cancer and von Hippel-Lindau disease or hereditary papillary renal cancer had
metastatic disease regardless of the number of tumors. Using a lesion size of 3 cm. as a threshold
for performing renal parenchymal sparing surgery may help to prevent metastatic disease,
unnecessary renal damage due to frequent surgery and renal dialysis or transplantation.
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von Hippel-Lindau disease and hereditary papillary renal
cancer are characterized by multiple bilateral renal tu-
mors1–5 that may develop and recur throughout a lifetime.6–9

Currently the treatment options available for hereditary
forms of renal cancer are observation with no planned inter-
vention, nephrectomy to remove all tissue at risk for cancer
and renal parenchymal sparing surgery to remove renal tu-
mors while sparing normal tissue. Before the widespread use
of computerized tomography (CT) von Hippel-Lindau disease
renal tumors were not well imaged, and some patients pre-
sented with symptoms of advanced renal cell carcinoma.
During this era 13 to 42% of the patients with von Hippel-
Lindau disease died of metastatic renal cell carcinoma.10–12

Median age at death was 44 years and the youngest reported
patient died at age 23 years. These data represent the best

available estimate of the natural history of untreated von
Hippel-Lindau disease.

Hereditary papillary renal cancer is a recently described
hereditary cancer syndrome that is inherited in an autosomal
dominant fashion and caused by a germline mutation in the
met gene. Papillary renal tumors develop in affected pa-
tients, and the natural history of this entity is less well
documented than that of von Hippel-Lindau disease.3–5 Me-
dian age at death of 41 patients with hereditary papillary
renal cancer was 52 years and the youngest reported patient
died at age 18 years.4

The treatment strategy of nephrectomy and renal replace-
ment removes all tissue at risk for renal cancer and metas-
tases. The 5-year survival in 30 to 40-year-old, white nondi-
abetic patients with renal failure (these characteristics are
similar to those of most patients in whom von Hippel-Lindau
disease is detected by screening) is 71% with dialysis and
86% with renal transplantation.13 Similarly Goldfarb et al
noted 65% 5-year survival of patients with von Hippel-
Lindau disease who were treated with bilateral nephrectomy
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and renal replacement.14 The potential morbidity and mor-
tality associated with renal replacement therapy make pa-
renchymal sparing surgery attractive to some, including
young, often asymptomatic patients with hereditary kidney
cancer. Morbidity and mortality must be balanced with the
potential benefit of such therapy.

To our knowledge no clear guidelines exist regarding the
timing of surgery in patients with hereditary renal cancer.
Management strategies, such as nephrectomy, enucleation
and watchful waiting, have been used depending on the phy-
sician, number, size or location of renal tumors and renal
tumor rate of recurrence.6, 7, 15–18 We evaluated the strategy
of following patients with von Hippel-Lindau disease and
renal cancer until the largest tumor was 3 cm. in diameter
before recommending surgery regardless of the recurrence
pattern or number of tumors.9

MATERIALS AND METHODS

From 1988 to 1998, 96 patients with von Hippel-Lindau
disease and 23 with hereditary papillary renal cancer in
whom imaging revealed solid renal tumors were identified by
screening affected kindred or by historical review of records.
Patients at the clinical center of the National Institutes of
Health underwent abdominal CT with 5 mm. collimation
before and after contrast enhancement with 120 cc iopamidol
at an infusion rate of 1.5 to 2.0 cc per second through a
mechanical injector.19 Renal ultrasound, chest CT or x-ray,
physical examination and routine laboratory testing were
done during periodic followup every 6 months to 1 year de-
pending on tumor growth rate. In our experience all solid
tumors visualized on imaging studies were renal cancer.2, 9

Of the cases of von Hippel-Lindau disease renal tumors
were less than 3 cm. in diameter in 52 (group 1) and larger
than 3 cm. in 44 (group 2). We also identified 23 patients with
hereditary papillary renal cancer, of whom 10 had tumors of
less than 3 cm. in diameter. Patients with small renal tumors
were followed with serial imaging studies until the largest
renal tumor diameter reached 3 cm., when surgical interven-
tion was recommended. For example, a 28-year-old man was
diagnosed with von Hippel-Lindau disease through the
screening of affected kindred. Left nephrectomy and right
partial nephrectomy were performed. The patient was fol-
lowed yearly with abdominal CT. On November 22, 1994, 6
years later, CT revealed many cysts in the kidney (fig. 1, A).
Two small solid lesions 1.7 3 1.5 and 1.3 cm. in diameter
were in the lower half of the kidney, (fig. 1, B and C). Obser-
vation was recommended. Imaging of these masses was re-
peated every 6 months to 1 year to follow their growth. On
August 26, 1997 CT revealed many more cysts in the kidney
(fig. 1, D). The 2 lesions had grown to 3.0 3 2.2 and 3.0 cm.,
respectively (fig. 1, E and F). A small cyst adjacent to the
tumors remained unchanged during this period (fig. 1, B and
E). Surgery was recommended at this 3 cm. cutoff point. The
patient underwent renal parenchymal sparing surgery and
32 lesions were removed.

Cystic renal lesions were not used as a criterion for sur-
gery. In patients with larger renal tumors, that is 1 or more
renal lesions larger than 3 cm., surgical resection without
delay was recommended. Renal parenchymal sparing tech-
niques were used whenever possible in each group. Intraop-
erative ultrasound was performed to localize small tumors
after all visible tumors were resected.20 Clinical evaluation
was performed 2 to 4 months postoperatively. Patients sub-
sequently underwent repeat imaging every 1 to 2 years.
Outside records and imaging studies were obtained to com-
plete the followup of patients previously diagnosed and of
family members not screened or treated at the National
Institutes of Health.

RESULTS

von Hippel-Lindau disease. We identified 27 men and 25
women 16 to 63 years old (mean age plus or minus standard
error of mean 33.3 6 1.5) at the initial diagnosis of renal
cancer who had von Hippel-Lindau disease and renal tumors
less than 3 cm. (table 1). Two patients refused further fol-
lowup. Patients in this group were followed until the tumors
reached 3 cm., when surgery was recommended. Mean fol-
lowup from the initial radiological diagnosis of renal cancer
was 59.6 6 6.2 months (median 60, range 6 to 205). In 26
patients a total of 46 partial nephrectomies and 2 nephrec-
tomies were done. An average of 1.9 6 0.2 renal operations
(range 1 to 5) were performed in these patients during fol-
lowup. Before any surgery mean followup of all 52 cases was
24.3 6 3.9 months (median 11, range 0 to 90). A total of 26
patients were observed without surgery because the tumors
were less than 3 cm. None of these 52 patients had metastatic
disease or required renal replacement therapy.

We also identified 32 men and 12 women 16 to 63 years old
(mean age 39. 6 1.5) at the initial diagnosis of renal cancer
who had von Hippel-Lindau disease and renal tumors larger
than 3 cm. Patients in group 1 were diagnosed at a younger
mean age than those in group 2 (median 31 versus 37.5 years,
Wilcoxon rank sum test p 5 0.003). Median tumor size in
group 2 was 4.75 cm. (range 3.2 to 26.0). Mean followup from

FIG. 1. A, CT reveals many renal cysts 6 years after initial treat-
ment. B and C, 2 small solid lesions (arrows) are visualized in lower
half of kidney. D, CT shows many more renal cysts 2.75 years later.
E and F, 2 small lesions (arrows) had grown to 3.0 3 2.2 and 3.0 cm.,
respectively. B and E, small cyst (arrowhead) remains unchanged.

TABLE 1. Comparison of groups 1 and 2

Group 1 Group 2

Tumor size (cm.) 3 or Less 3.2–26.0
No. pts. 52 44
No. renal surgery 26 39
No. operations:

Nephrectomy 2 27
Partial nephrectomy 46 45

Median mos. followup 60 66.5
No. with metastases (Fisher’s exact test p ,0.0001) 0 11
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the initial radiological diagnosis of cancer was 66.0 6 9.0
months (median 66.5, range 0 to 321). Followup of the 2
groups was not significantly different (Wilcoxon rank sum
test p 5 0.85). In 39 patients a total of 45 partial nephrecto-
mies and 27 nephrectomies were done during followup. An
average of 1.9 6 0.1 renal operations (range 1 to 5) were
performed in these patients during followup. Parenchymal
sparing surgery was done more frequently in group 1 than in
group 2 (46 of 48 cases or 96% versus 45 of 72 or 63%, Fisher’s
exact test p ,0.0001). At the time of the initial diagnosis 5
patients who had metastatic cancer, including renal cell car-
cinoma in 3, and pheochromocytoma and islet cell tumor of
the pancreas in 1 each, underwent no renal operation.

Of the 44 group 2 patients 11 (25%) had metastatic renal
cancer (fig. 2). Median patient age at the diagnosis of metasta-
ses was 50 years (range 33 to 70) and the largest median renal
tumor diameter was 9.0 cm. (range 3.5 to 26). The 11 patients
with metastases were older at the initial diagnosis of renal
cancer than the other 85 with von Hippel-Lindau disease (mean
age 34.8 years, Wilcoxon rank sum test p 5 0.003). There was
also a trend toward being older than the 33 other patients in
group 2 who had larger tumors (mean age 37.1 years, Wilcoxon
rank sum test p 5 0.052). The frequency of metastases was
significantly different in the 2 groups. None of the 52 patients in
group 1 versus 11 of 44 in group 2 had metastases (Fisher’s
exact test p ,0.0001). Larger tumors were more frequently
associated with metastases (table 2).

Hereditary papillary renal cancer. At the initial diagnosis
of renal cancer 11 men and 12 women with hereditary pap-
illary renal cancer were 23 to 83 years old (mean age 47.2 6
3.2). In 10 patients tumors were smaller than 3 cm. at the
initial evaluation, including 1 each who underwent nephrec-
tomy and partial nephrectomy before evaluation at the Na-
tional Institutes of Health, and 8 who continue to be followed
with tumors smaller than 3 cm. Mean followup of these 10
cases was 60.9 6 21.3 months (median 49, range 12 to 237).

Mean followup from the initial radiological diagnosis of
renal cancer for all patients with hereditary papillary renal
cancer was 59.2 6 13.9 months (median 44, range 0 to 237).
In 14 patients a total of 6 partial nephrectomies and 15
nephrectomies were done. An average of 1.5 6 0.1 renal
operations (range 1 to 2) were performed during followup. Of
the 23 patients 2 (8.7%) with 7 and 15 cm. tumors had
metastases to the local lymph nodes and lung, respectively,
at the time of diagnosis. Patients with hereditary papillary
renal cancer were older at the initial diagnosis of renal can-

cer than those with von Hippel-Lindau disease (mean age
47.2 versus 35.9 years, Wilcoxon rank sum test p 5 0.001).
Metastases developed in 11 of the 44 patients (25%) with von
Hippel-Lindau disease and renal tumors larger than 3 cm.
compared to 2 of 13 (15%) with hereditary papillary renal
cancer in the same size group (Fisher’s exact test p 5 0.71).

DISCUSSION

Renal parenchymal sparing surgery is recommended in a
small subset of patients with renal cancer,21–23 including the
subset with hereditary renal cancer, such as von Hippel-
Lindau disease or hereditary papillary renal cancer. After
renal surgery new cancer may develop throughout a life-
time.6–9 Multiple operations may be required to remove renal
tumors and decrease the risk of metastases. Since each con-
secutive renal operation is increasingly demanding and pa-
tients may have a substantial tumor burden, the decision of
when to operate is complex. Presently there are few guide-
lines on which to base this decision but tumor size may be a
prognostic factor.

The most data regarding the association of renal tumor
size and prognosis are available on patients with noninher-
ited sporadic renal cancer. Those with small sporadic renal
tumors have a high cure rate after radical nephrectomy with
greater than 90% 5-year disease specific survival.22, 24–27 Re-
nal parenchymal sparing surgery performed in similar cases
of tumors that are usually less than 3 to 4 cm. is associated
with similar 5-year survival.21, 22, 28

Disease specific survival of patients with von Hippel-
Lindau disease who underwent parenchymal sparing surger-
ies has been reported to be less than that of those with
sporadic renal cancer.6, 7, 18, 29 However, in these patients
with von Hippel-Lindau disease large tumors were associ-
ated with higher stage and grade. Latiff et al identified the
gene responsible for the development of clear cell renal can-
cer in von Hippel-Lindau disease, termed the von Hippel-
Lindau disease kidney cancer tumor suppressor gene, on
chromosome 3p25.5.30 Gnarra et al believe that this gene is
associated with sporadic clear cell renal carcinoma.31 Thus,
there is reason to conclude that the biological behavior of
these tumors may be similar. Later age at the initial diagno-
sis of hereditary papillary renal cancer, relative infrequency
of metastases in our hereditary papillary renal cancer cases
and larger tumor size associated with metastases also sup-
port this strategy in these cases. Based on the low reported
occurrence of renal metastases in patients with sporadic
renal tumors smaller than 3 cm. in diameter we selected this
size threshold and prospectively evaluated this strategy dur-
ing a median followup of 60 months. To date no patient with
renal tumors smaller than 3 cm. has had metastases. All
patients retained renal function sufficient to preclude renal
replacement.9

The high recurrence rate of renal tumors in hereditary
renal cancer is not unexpected. Examination of normal renal
tissue of patients with renal cancer and von Hippel-Lindau
disease has frequently shown microscopic renal tumors. Ex-
trapolations based on these studies predict as many as 600
clear cell renal tumors and 1,100 clear cell cysts per kidney.32

These cysts develop only in von Hippel-Lindau disease, and
they are microscopically and genetically similar to clear cell

FIG. 2. Tumor diameter versus frequency of metastases in pa-
tients with tumor larger than 3 cm. Metastases were found most
frequently in patients with largest renal tumors. Dashed line repre-
sents smallest renal tumor associated with metastases.

TABLE 2. Comparison of tumor size and metastases

No. Metastases/No. Pts. (%) Tumor Size (cm.)

0/52 3.0 or Less
1/17 (6) 3.2–4.0
2/10 (20) 4.1–5.5
4/12 (33) 6.0–10.0
4/5 (80) 10.0 or Greater
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renal cancer.32, 33 Even after resection of all grossly visible
disease these patients are not cured of all renal tumors.
Rather, “the clock is reset” in each kidney until tumors that
are microscopic at renal surgery become clinically evident.

This treatment strategy is associated with an alteration in
traditional assumptions about therapy of renal cancer. Small
renal tumors are observed until they reach a size associated
with a higher risk of metastases rather than being immedi-
ately resected. Instead of performing radical surgery renal
parenchymal sparing surgery is done when possible to de-
crease the tumor burden with the knowledge that small
microscopic tumors will likely remain after surgery. In our
experience a large number of renal tumors are not considered
indication for radical surgery as long as tumors are smaller
than 3 cm. Patients with von Hippel-Lindau disease who had
smaller tumors underwent partial nephrectomy with greater
frequency than those with larger tumors (96 versus 63%).
These renal parenchymal sparing operations lead to signifi-
cantly greater preservation of renal tissue. Use of a larger
cutoff point for recommending surgery would lead to less
renal preservation.22, 34, 35

In our series we removed as many as 53 renal tumors from
a single von Hippel-Lindau disease kidney. Patients with
this many renal tumors are not amenable to standard tech-
niques of partial nephrectomy, and they may be best served
by an enucleation technique.36 We have found that intraop-
erative ultrasound is important for locating tumors and ver-
ifying that all tumors have been removed.20 Examination of
small von Hippel-Lindau disease renal tumors diagnosed by
screening consistently demonstrates a pseudocapsule sur-
rounding these low grade renal lesions,2 which facilitates
resection. This pseudocapsule forms a natural plane for tu-
mor removal. While the pseudocapsule may be invaded, we
have not yet observed penetration of this boundary. Thus, we
believe that 3 cm. is a conservative size threshold on which to
base the decision to perform renal surgery in von Hippel-
Lindau disease.

This strategy may decrease the number of surgical inter-
ventions a patient will undergo in a lifetime, while poten-
tially providing a margin of safety against renal cancer me-
tastases. A clear discussion of the risks and benefits of
surgery in each patient with von Hippel-Lindau disease and
hereditary papillary renal cancer is important if that patient
is to make an informed decision regarding treatment options.
In conclusion, further followup studies are required to deter-
mine the role of renal parenchymal sparing surgery versus
renal replacement with dialysis or transplantation in the
management of renal tumors in von Hippel-Lindau disease,
and whether this strategy will successfully decrease the rate
of metastases of renal cancer in these patients.
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